We analyze strong one-pion and radiative one-photon decays of heavy flavored baryons within a relativistic three-quark model. Employing the same parameters as were used for the description of the semileptonic decays of heavy baryons, we calculate the couplings of one-pion and one-photon transitions of both ground and excited heavy baryon states. We predict the decay rates for all relevant decay modes and compare them with experimental data when available and with the results of other model calculations.
I. INTRODUCTION
The last decade has seen significant experimental progress in charm baryon physics. Most of the ground state baryons containing one c-quark have now been established [1] . Their classification in the standard quark model is based on three different spin configurations: the lowest lying configuration has J P = + , respectively, with the heavy quark. Some of their decay modes have been seen and have been used for the determination of their masses (see [1] ).
The CLEO Coll. [2] has presented evidence for a pair of excited charm baryons, one decaying into Λ Earlier, the CLEO Coll. [3] has also reported evidence for a pair of excited charmed baryons, one decaying into Ξ Three collaborations (ARGUS [6] , E687 [7] and CLEO [8] ) have seen a doublet of particles decaying into Λ + modes are estimated to be ≈ 67%, 24 ± 7% and 18 ± 7%, respectively. For the decay width of the Λ + c (2625) there exists only an upper limit (< 1.9 MeV) and branching ratios [1] , [6] - [8] .
The CLEO Coll. [9] has reported preliminary evidence for a new charm baryon decaying into Ξ The classification and the decay properties of ground and excited state charm and bottom baryons have been reviewed in [10] . The analysis was based on the heavy quark limit given by the leading order in the 1/m Q -expansion. In the heavy quark limit the dynamics of the heavy and light quarks decouple leading to a number of model independent relations between various decay modes of the heavy baryons. Further relations between physical observables can be obtained if one assumes additional symmetries for the light quark system. For instance, by using a constituent quark model picture for the light diquark system with an underlying SU(2N f ) ⊗ O(3) symmetry, a number of further relations were derived in [11] for the form factors in semileptonic b − c transitions.
The subject of this paper mostly concerns the one-pion and one-photon decays of ground state charm baryons as well as those of the lowest-lying p-wave states. We shall also determine the one-photon decays of the orbital excitations of bottom baryons. The analysis of these transitions provides an excellent laboratory for tests of heavy quark symmetry predictions on the one hand and tests of the soft dynamics of the light-side one-pion (photon) diquark transitions on the other hand. In the heavy quark limit the pion and photon are emitted from the light diquark system while the heavy quark is unaffected by the emission process.
Single pion transitions of charm baryons were analyzed before in [10, 12] by again using the constituent quark model picture for the light diquark system with its underlying SU(2N f ) ⊗ O(3) symmetry. Using this symmetry one significantly reduces the number of independent coupling factors [10, 12] .
A similar constituent quark model approach has been employed in [13] to establish relationships among the coupling constants characterizing the decays of s-wave and p-wave heavy baryons. The results of the work [13] are the same as in [12] since both approaches are based on the same constituent quark model picture.
Light-front (LF) quark model functions with a factorized harmonic-oscillator transverse momentum component and a longitudinal component given by a δ-function have been constructed in [14] . They have been employed to calculate the strong couplings for Σ c → Λ c π, Λ c1 → Σ c π, and Λ * c1 → Σ c π decay modes which correspond to P-wave, S-wave and D-wave transitions, respectively.
The flavor-spin symmetry of the heavy quarks and the spontaneously broken SU(3) L ⊗ SU(3) R chiral symmetry of the light quarks were exploited to describe the interactions of heavy mesons and heavy baryons with the π, K, and η mesons considered as the Goldstone bosons [15] . This approach contains three free parameters and was applied to strong and semileptonic decays of heavy hadrons. The radiative decays of heavy mesons and heavy baryons were also studied within this formalism in [16] . The two orbital excitations of the Λ c have been analyzed within this approach which is referred to as the heavy hadron chiral perturbation theory (HHCPT) by Cho [17] (see also [13] ). Information on one of the three free parameters of HHCPT in these decays was obtained from the radiative decay Ξ ′ * 0 c → Ξ 0 c γ by Cheng [18] . Pion transitions of the ground states and some excited p-wave states of heavy baryons were studied within HHCPT in [19] . The coupling constants were estimated using the experimental data on the pion decays of strange Λ and Σ baryons treating the s-quark as static.
The radiative decays of some excited heavy baryon states have been calculated in the so-called bound state picture [20] motivated by the large N c limit. It was shown that the Λ c1 (2593) → Λ c γ and Λ * c1 (2625) → Λ c γ decays are severely suppressed whereas the Λ * b1 (5900) → Λ b γ mode possibly dominates over the strong decay mode.
Some aspects of the phenomenology of new baryons with charm and strangeness were discussed in [21] . The authors of Ref. [21] estimated the expected width of the excited state Ξ c1 ( 3 2 ) + of the Ξ c family using the experimental value for the width of the Λ c1 ( 1 2 ) + within the SU(3) flavor symmetry limit. Also it was pointed out that one should search for the Ω * c2 baryon in the Ξ c K decay channel. The ratio of electric quadrupole (E2) and magnetic dipole (M1) components for the decay Σ * c → Λ c γ has been computed by Savage [22] within the HHCPT approach. The result was that the 1/m c suppression of the E2 amplitude is compensated for by a small energy denominator arising from the infrared behavior of pion loop graphs in chiral perturbation theory. This leads to a E2/M1 ratio of the order of a few percent depending among others on the Σ * c − Σ c spin symmetry breaking mass difference. The corresponding ratio in the bottom baryon sector is smaller by a factor of ∼ M c /M b .
The couplings in the HHCPT Lagrangian have been estimated from QCD sum rules in an external axial field [23] . The radiative decays of heavy baryons were studied with the light cone QCD sum rules in the leading order of HQET in [24] .
All approaches considered above exploit the symmetry of the heavy quark limit with some additional assumptions on the structure of the light quark system without employing any dynamical scheme for the composite structure of hadrons.
A relativistic quark model of hadrons [25] - [28] has been developed some time ago to describe physical observables in the low-energy domain. The model is based on an effective hadron-quark Lagrangian and the compositeness condition Z H = 0 where Z H is a wave function renormalization constant of the hadron [30] . This approach has been employed to give a unified description of leptonic and semileptonic decays of heavy mesons in [29] .
Recently, this model called the Relativistic Three-Quark Model (RTQM) has been applied to calculate physical observables in the decays of heavy baryons [31] - [34] . All results of the RTQM model are expressed through a few model parameters: the masses of the light quarks, the mass differences of the heavy baryon and heavy quark, and the size of the Gaussian distribution of constituents inside the hadron. The exclusive semileptonic and nonleptonic decays of charmed and bottom baryons have been considered within the RTQM [31, 32] . Preliminary results for the strong and radiative decays of heavy baryons have been reported in [33, 34] . In this paper we extend this application by reporting the simultaneous calculation of a range of one-pion and one-photon transitions between heavy baryons.
Our article is divided into five sections with a single appendix. In Sec. II we give some necessary background material on the RTQM and discuss features of gauging the interaction Lagrangian in this approach. The calculation of the matrix elements of the one-pion and one-photon transitions between heavy baryons is given Sec. III. In Sec. IV we present our numerical results on the heavy baryon observables in their strong and radiative transitions. We compare our results with available experimental data and with the results of some other model approaches. We make some concluding remarks in Sec. V. The Appendix contains a detailed discussion of the gauge invariance of radiative transitions in the RTQM.
II. RELATIVISTIC THREE-QUARK MODEL
A detailed description of the Relativistic Three-Quark Model can be found in Refs. [28, 31] . Here we will only give the necessary background material needed for the description of two-body strong and electromagnetic decays of heavy flavored baryons. We will discuss the interaction Lagrangian describing the coupling of heavy baryons with their constituent quarks and its gauging. We also specify the form of the light and heavy quark propagators.
The Lagrangian describing the coupling of a heavy baryon to its constituent light and heavy quarks considerably simplifies in the heavy quark limit (see [31] ). One has
The interaction Lagrangian of the pion with its constituent light quarks is given by
where
Here Γ i and λ B Q are spinor and flavor matrices which define the quantum numbers of the relevant three-quark currents. They are listed in Table I . The square brackets [...] and curly brackets {...} denote antisymmetric and symmetric flavor and spin combinations of the light degrees of freedom 1 . The coupling strength of the respective hadrons with their constituent quarks are denoted by the coupling constants g B Q and g π . The parameters Λ B and Λ π define the size of the distributions of light quarks inside the heavy baryon and pion, respectively. The baryon parameter Λ B is chosen to be the same for charm and bottom baryons to provide the correct normalization of the baryonic Isgur-Wise function in the heavy quark limit [31] .
The gauging of the nonlocal interaction Lagrangian Eq. (2) can be done by using a pathindependent formalism based on the path-independent definition [35] of the derivative of the path integral. The details may be found in [36] and also in [28] where this formalism was employed to calculate the nucleon electromagnetic form factors in the quark model in a gauge invariant way. In order to make the Lagrangian Eq. (1) gauge invariant in the presence of an electromagnetic field A µ (x) the time-ordered P-exponent
(Q = diag{2/3, −1/3, −1/3} is the charge matrix) is attached to each light quark field q(y).
We then have
× exp(ieQ
The Lagrangian Eq. (4) generates nonlocal vertices which involve the heavy baryons, photons and the light and heavy quarks. The gauge formalism of Mandelstam is based on the definition of the derivative of the path integral
1 We use the following notation for excited heavy P -wave baryons: i) Λ c1;S , Λ * c1;S , Σ c0;S and Ξ * c1;S are symmetric under the exchange of the momenta of the two light quarks (called K-states in [10] [11] [12] ); ii) Σ c1;A and Σ * c1;A are antisymmetric under the exchange of the momenta of the two light quarks (called k-states in [10] [11] [12] ).
where P is the path taken from x to y. When calculating Feynman diagrams the derivative of I(y, x, P ) is defined such that
This means that the field A µ (y) does not depend on the path used in the definition of the line integral. The Mandelstam prescription makes all matrix elements involving a photon gauge-invariant and path-independent.
The free quark Lagrangian and the interaction Lagrangian for transitions involving the orbital excited states (P-states, etc.) are gauged by the standard minimal substitution, i.e. for the derivative coupling appearing in the P -states one has to replace ∂ µ → ∂ µ + ieA µ . Now we discuss the implementation of gauge invariance in the one-photon transitions of heavy baryons. There are several relevant diagrams: i) the triangle diagrams in Fig. 2a and 2b with a photon emitted by the heavy and light quark, respectively ii) the contact interaction-type diagrams in Fig. 3 with a photon emitted by one of the two nonlocal baryon-quark vertices and iii) the pole diagrams in Fig. 4 f )/(2m i ) ≈ 0) and one would naively assume that they vanish in the heavy quark limit. However, contrary to the ground state transitions, the excited state transitions B c1 → B c γ and B * c1 → B c γ are of the same order Q(qv) and thus the contact interaction-type contribution must be kept in this case. In the Appendix we provide a detailed discussion of the gauge-invariance structure of the matrix elements for one-photon transitions of excited charm baryons 2 . For radiative transitions involving P-wave states there are additional contact interactiontype diagrams which contribute to the leading order in the heavy quark expansion. They result from the minimal substitution prescription for the derivatives acting on the excited heavy baryon fields in the heavy baryon-three-quark interaction Lagrangian (1). In the following we will refer to such diagrams as "local contact" diagrams in order to distinguish them from the contact diagrams generated by the gauging of the nonlocal heavy baryonthree-quark vertex ("nonlocal contact" diagrams).
Thus, in the heavy quark limit the radiative decay of a ground state heavy baryon is described by the solely triangle diagram in Fig. 2b with the photon emitted by the light quark whereas there are additional contributions coming from both the "nonlocal contact" in Fig. 3 and "local contact" in Fig. 4 diagrams for the radiative decays of heavy excited baryon states. For the one-pion transitions one only needs the only triangle diagram depicted in Fig. 1 .
Let us now specify our model parameters. For the light quark propagator with a constituent mass m q we shall use the standard form of the free fermion propagator
For the heavy quark propagator we shall use the leading term S v (k,Λ {q 1 q 2 } ) in the inverse mass expansion of the free fermion propagator:
where we introduce the mass difference parameterΛ {q 1 q 2 } = M {Qq 1 q 2 } − m Q which is the difference between the heavy baryon mass M {Qq 1 q 2 } ≡ M B Q and the heavy quark mass m Q . The four-velocity of the heavy quark is denoted by v as usual. We shall neglect a possible mass difference between the constituent u− and d−quark and thus takeΛ :=Λ uu =Λ ud = Λ dd ,Λ s :=Λ us =Λ ds meaning that there are altogether three independent mass difference parameters:Λ,Λ s , andΛ ss . The vertex functions F B and F π are arbitrary functions except that they should fall off sufficiently fast in the ultraviolet region to render the Feynman diagrams ultraviolet finite. In principle, their functional forms are calculable from the solutions of the Bethe-Salpeter equations for the baryon and pion bound states. For example, in [37] semileptonic meson transitions have been analyzed using the heavy-quark limit of the Dyson-Schwinger equation. The results were found to be quite insensitive to the details of the functional form of the heavy-meson Bethe-Salpeter amplitude. We will use this observation as a guiding principle and choose simple Gaussian forms for the vertices F B and F π . Their Fourier transforms read
where Λ B and Λ π characterize the size of the distributions of the light quarks inside a baryon and pion, respectively. The coupling constants g B Q and g π in Eqs. (1) and (2) are calculated from the compositeness condition (see, ref. [25, 30] ), which means that the renormalization constant of the hadron wave function is set equal to zero: A drawback of our approach is the lack of confinement. To avoid the appearance of unphysical imaginary parts in the Feynman diagrams, we shall require that M B Q < m Q + m q 1 + m q 2 which implies that the mass difference parameterΛ q 1 q 2 is bounded from above by the requirementΛ q 1 q 2 < m q 1 + m q 2 .
As mentioned before the masses of the u and the d quarks are set equal (m u = m d = m q ). The value of m q is determined from an analysis of nucleon data: m q =420 MeV [28] . The pion Gaussian size parameter Λ π = 1 GeV is fixed from the description of low-energy pion observables (the coupling constants f π and g πγγ , and the electromagnetic radii and form factors of the transitions π → πγ and π → γγ * ) [26] - [27] . [33] . Finally, the mass values of the charm baryon states including current experimental errors are listed in TABLE I [1, 5] . For the pion masses we take m π ± = 139.6 MeV and m π 0 = 135 MeV [1] .
All dimensional parameters entering the Feynman diagrams are expressed in units of Λ B . The integrals are calculated in the Euclidean region both for internal and external momenta. The final results are obtained by analytic continuation of the external momenta to the physical region after the internal momenta have been integrated out.
III. MATRIX ELEMENTS OF ONE-PION AND ONE-PHOTON TRANSITIONS
We begin our discussion with the one-pion and one-photon transitions of the ground state baryons. As discussed in Sec. II in the heavy quark limit they are described by the triangle two-loop diagrams Fig. 1 and Fig. 2b .
The contribution of the triangle diagram ( Fig. 1 and Fig. 2b ) to the matrix element of the one-pion (one-photon) transition
has the following form in the heavy quark limit
where the symbol X denotes a pion or a photon in the final state, i.e. X = π or γ and q) is a two-loop quark integral the form of which depends on whether one is computing pion or photon transitions. For the pion one has
is the structure integral corresponding to the light quark loop:
where For the photon transition one has
where ε * µ (q) is the polarization vector of the photon. Radiative transitions of excited heavy baryon states involve additional contributions from the "local contact" and "nonlocal contact" diagrams. In our recent analysis [34] we have neglected the "nonlocal contact" diagrams because their contribution to the corresponding invariant matrix elements is quite small (of order 3-4%). Here we present a complete analysis of radiative transitions of heavy baryons by taking into account all possible diagrams contributing to these processes in the heavy quark limit as is necessary to obtain a gauge invariant result. In the heavy quark limit the contributions of the "local contact" diagrams (lcd) and "nonlocal contact" diagrams (ncd) to the matrix element of the excited heavy baryon transition
I if,ν
As an illustration of our calculational procedure we evaluate a typical integral corresponding to a one-photon transition (the same integral for the one-pion transition can be found in Ref. [33] )
We have
where the matrices A and B are defined by
The integration over k 1 and k 2 results in
Let us, as an example, choose Γ 
The evaluation of the other remaining matrix elements proceeds along similar lines. In the case of one-pion transitions the general expansion of the transition matrix elements M 
where the I 1 and I 3 are the flavor factors which are directly connected to the flavor coefficients C flavor (see Eq. (11)) via the relations I i = f i · C flavor , i = 1 or 3. The sets of I i and f i are given in Table II . We have also indicated the orbital angular momentum of the pion in Eq. (18) . For the one-photon transitions one similarly has
One-photon transitions (19)
where the couplings are manifestly gauge invariant. In writing down the one-photon coupling structure in Eq. (19) we have omitted the E2 coupling in the Σ * c → Λ c γ transition and the M2 coupling in the Λ * c1;S → Λ c γ transitions as predicted by heavy quark symmetry [10] . Since heavy quark symmetry is manifest in our model calculation the coupling structure (19) is sufficient for our purposes. In the heavy quark limit the coupling constants in Eqs. (18) and (19) become flavor independent. Also some of the above coupling constants become related in the heavy quark limit. The relations read [10, 15, 17] 
Returning to our model calculation the coupling constant f can be represented as
where µ i = e i /(2m q ) is the magnetic moment of the i-th light quark. Here
The calculation of the other coupling factors proceeds along similar lines. In addition to the relations (20) there is the identity between f Σ * c Λcγ and f Σ * c Σcγ couplings obtained in the constituent quark model [11, 12] :
In our model the light diquark current in Σ c -baryon is different than that in Λ c -baryon (see TABLE I ). However numerically the latter relation are reproduced with an accuracy 1%. One can then go on and calculate the one-pion and one-photon decay rates using the general formula
where | q | is the pion (photon) momentum in the rest frame of the decaying baryon. In terms of the coupling constants (20) one obtains
The unknown masses of the excited bottom baryons Λ b1;S and Λ * b1;S are estimated from the heuristic relation:
).
IV. RESULTS
We now present our numerical results for the strong and radiative transitions of heavy baryons. In Table III Σcπ is welcome when one compares the results for exclusive one-pion rates of the Λ * c1;S (see , Table IV ) with experimental data [1] . It is seen that our predictions are consistent with current experimental estimates whereas the Light-Front model results lie above the experimental rates. Also our predictions for d-wave transitions can be seen to be consistent with the bound on the total rate of the Λ * c1;S by summing up the three exclusive one-pion rates of the Λ * c1;S and comparing the sums to the total experimental rate Γ(Λ * c1;S ) < 1.9 MeV. From the results of our model calculation we obtain Γ(Λ * c1;S ) > 0.25 ± 0.03 MeV consistent with the experimental results. All our results for the one-pion decay rates of charm baryons are collected in Table IV . The uncertainties for the calculated rates reflect the experimental errors in the charm baryon masses (see , Table I ). For comparison we have also listed the predictions of the Light-Front quark model [14] and experimental results, where available. More precise data on the one-pion transitions of the excited Λ c1;S baryon states to the ground states will allow for a more detailed comparison with the model predictions of dynamical models such as described in our approach and in the Light-Front quark model.
A few comments should be done concerning the relations of RTQM results to other approaches. The first comment concerns the baryon one-pion coupling constants appearing in Eq. (18) . The chiral formalism employed in [15] implies that all such constants are proportional to the factor 1/f π associated with the pion field. In RTQM approach they are described by Eq. (9) and are proportional to the pion-quark coupling g π which is determined by the compositeness condition discussed in Sec.II. However, it appears that the GoldbergerTreiman relation g π = 2m q /f π is valid with an accuracy of a few percent. Hence the pion constant f π effectively appears as a dimensional parameter in our expressions for the baryon one-pion coupling constants.
The second comment concerns the relation of the RTQM approach to the constituent quark model based on the SU(4) ⊗ O(3) symmetry for the light diquark system [11, 12] . Exploiting this symmetry one can reduce the number of the effective coupling constants both for one-pion and one-photon transitions [11, 12] . For example, the ratio of the two coupling constants f Λ c1;S Σcπ and f Σ c0;S Λcπ that govern the s-wave transitions Λ c1;S → Σ c π and Σ c0;S → Λ c π is predicted to be f Λ c1;S Σcπ /f Σ c0;S Λcπ = −1/ √ 3 in the SU(4) ⊗ O(3) model. We emphasize that the SU(4) ⊗ O(3) symmetry is not realized in the RTQM approach. For instance, differing from the SU(4) ⊗ O(3) approach the light diquark current in Σ c0;S -baryon is not related to that in Λ c1;S (see TABLE I ). Yet, numerically the SU(4)⊗O(3) relations are reproduced with an amazing accuracy of around 1%. For the two above processes Λ c1;S → Σ c π and Σ c0;S → Λ c π we find numerically f Λ c1;S Σcπ /f Σ c0;S Λcπ = −0.58 almost identical to the ratio −1/ √ 3 in the SU(4) ⊗ O(3) approach. Note that the SU(4) ⊗ O(3) symmetry can be implemented explicitly in the RTQM by replacing the light quark propagator by a constant value and by modifying the spinor structure of the baryon-quark vertices as was demonstrated in [32] .
Numerical results for the one-photon decay rates are listed in Table V . As for one-pion rates the errors in our rate values reflect the experimental errors in the charm baryon masses [1, 5] (see Table I ). For the sake of comparison we also list the results of the model calculations [17] - [20] mentioned earlier on. Our results are quite close to the results of the nonrelativistic quark model [16] . In [17] the coupling strengths were parameterized in terms of the unknown effective coupling parameters c RS and c RT . A first rough estimate of the unknown coupling parameters can be obtained by setting them equal to 1 on dimensional grounds [17] . As is evident from Table V such an estimate is basically supported by our dynamical calculation. We do not agree with the predictions on the charm and bottom p-wave decay rates of [20] except for the Λ * b1;S → Λ 0 b γ rate where we are closer to the rate calculated in [20] . Recently the radiative decays of bottom baryons were studied with the use of the lightcone QCD sum rules [24] in the leading order of heavy quark effective theory. [24] we set M Λ Q = M Σ Q in Eq. (23) . We then obtain α eff = 4f 2 /(3π) ≈ 0.015GeV −2 which is one-half of the prediction of Ref. [24] .
One has to remark that the rate of the Σ * c → Σ c γ decay is suppressed in comparison with the rate of Σ * c → Λ c γ decay as
This estimate coincides with the prediction of the constituent quark model [11, 12] .
V. CONCLUSION
Using the same Relativistic Three-Quark Model (RTQM) employed before successfully in studies of semileptonic decays of heavy baryons [31] , we have analyzed strong (onepion) and radiative decays of heavy baryons. We have obtained predictions for the values of couplings of charmed baryons with pions and for the rates of the one-pion transitions
We have compared our results with those obtained in Light-Front Quark-Model [14] . We found that as in the Light-Front quark model [14] the strength of single pion couplings of the charmed baryon ground-state to the antisymmetric P wave states are suppressed with respect to those of the symmetric multiplet.
We have also obtained predictions for the rates of the one-photon transitions
We have compared our results with the results of other model calculations [17] - [20] . Unfortunately, there is no data on the one-photon transitions yet to compare our results with. For the one-photon decays from the p-wave states Λ c1;S → Λ c + γ and Λ * c1;S → Λ c + γ our predicted rates are one order of magnitude below the upper limits given by the experiments calling for an one-order of magnitude improvement on the experimental upper limits. Although the Ξ ′ c → Ξ c + γ one-photon decays have now been seen [5] it will be close to impossible to obtain rate values for these decays because the Ξ In this Appendix we provide a detailed discussion of how gauge invariance is maintained in the one-photon transitions of excited charm baryon states. As an example we consider the decay Λ * c1;S → Λ c γ. To begin with we keep the heavy quark mass and the heavy baryon masses finite. The corresponding matrix element has the form
Here the vertex function Λ µν (p, p ′ ) is given by the expression
are the partial contributions coming from the triangle diagram with the photon emitted by the heavy quark line, the triangle diagrams with the photon emitted by the light quark lines, the "local contact" diagrams (lcd), the "nonlocal contact" diagrams (ncd) and the pole diagrams: their functional form is given by
where m i and m f are the masses of the initial and the final baryons, respectively; e Q = 2e/3 is the charge of the c-quark, e q = e q 1 + e q 2 is the sum of charges of the light quarks in the heavy baryon (e q = e/3 in the present case).
It is a straightforward exercise to proof that the matrix element M γ inv (Λ * c1;S → Λ c γ) is gauge invariant, i.e. q µ ·ū(p ′ )Λ µν (p, p ′ )u ν (p) = 0 when both initial and final baryons are on their mass-shell:
We make use of the well-known Ward-Takahashi identities
and obtain
Summing up the five contributions we arrive at q µ ·ū(p ′ )Λ µν (p, p ′ )u ν (p) = 0. In the heavy quark limit, when the masses of the charm quark and the heavy baryons go to infinity, the triangle diagram where the photon is emitted by the heavy quark (Λ 
where F is an effective coupling constant of the charm baryons with the photon. 
